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We have an urgent need to optimize data analyses and
UAS operations to better position its use in sensitive and
high-consequence national security applications.




LANL has a mature, robust, and multidisciplinary UAS
deployment capability with proficiency in single and
multi-modal data acquisition for signature detection.

.
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We want tools that can:

e Apply domain knowledge to automate national security-relevant signature detection

and discrimination in
o complex natural environments
o  spatio-temporal regime
o engineered environments

e Help improve access to flight telemetry information

Realize risk-aware efficiency in surveillance flight missions

e Drive us drive towards real-time signature detection (links to flight operational
efficiency)

e Be easily used and integrated by rock jocks/veg heads/field folks

...and collaborators to develop/refine/test these tools in operational environments



We use state-of-practice computer vision (SfM) for image
processing, but we do not have reliable ML tools to
perform explosion-related change detection.
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ML tools have
signatures.

Ground Truth

Lietal, 2018

Stacked encoder-decoder
improves multi-scale feature
detection, but focuses on
built infrastructure; needs
improvement to detect fine
natural features and image
changes that have limited to
no textural variability.
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SM multi-temporal surface changes
from underground explosions

Anders et al., 2013
Object-based, multi-temporal
feature extraction can find
volumetric change, but
changes ID’ed are 2 orders of
magnitude larger than
explosion signatures.
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ML tools falter in performing relevant pattern recognition
and In spatial upscaling.
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We measure our SfM data processing time in weeks,
iIncluding many manual steps, when customers need
completed, automated processing in hours or minutes.

2) Photo Check,
Remove Takeoff /
Landing Photos:

1) Download
Imagery:

3) Load Photos Into 4) Photo Matching
Agisoft: and Alignment:

2 hours 0.2 hours 17.5 hours

6 hours

6) Import Ground 7) Locate Center Nail 8) Optimize Photos
Control Points (as of Ground Control Intermittently in
markers): Points: step 7:

5) Clean-up Initial
Point Cloud:

1 hour

4 hours 20 hours 2.2 hours minimum

11) Generate
Orthoimage: Total processing time:

~97 hrs/ project
37 hours 0.75 hours 6.35 hours b

9) Generate Dense

10) Generate DEM:
cloud

Crawford et al., 2021
Sponsor: NA-22 Defense Nuclear Nonproliferation



ML tools to perform
with locating and interpreting signatures

Woodbury et al., 1999

Using ML to accelerate accurate lidar data alignment

helps to quickly identify and constrain spatial

extent of anthropogenic signatures, which aids

interpretation of formation mechanisms. R .
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SVM and Random Forest classification can detect

Edge
Detection
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ML processing of COTS optical and thermal data shows promise in enabling rapid, Crawtord et al., in prep.

subpixel scale fragment detection and fragment material characterization.



Can our field data collections become time- and/or
signature-detection-optimized?

Target O

Tnitial Depot Depot @

—-NWERWVNWON®®OO
. LR B B A ]

-
0 50 100

Webster et al., 2021 Schultz-Fellenz et al., 2018 Sundar and Rathinam, 2014

Constrained Learning optimization of mission planning could shorten
deployment time and maximize battery use.

Robust Learning optimization could permit near-realtime target detection.
We have not yet tested available ML tools in an operational environment.




While our data processing efficiency has improved
through time...

Time elapsed
from collection to data product
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ML tools can, and do, provide implementable solutions to
optimize data collection and analysis and get accurate
results faster.

How and where can you help us to develop or
implement ML tools in our mission planning, analyses,
and data interpretation?
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